Abstract Childhood obesity is a major health issue with associated ill-health consequences during childhood and into later adolescence and adulthood. Given that eating behaviors are formed during early childhood, it is important to evaluate the relationships between early life feeding practices and later child adiposity. This review describes and evaluates recent literature exploring associations between child weight and the mode of milk feeding, the age of introducing solid foods and caregivers' solid feeding practices. There are many inconsistencies in the literature linking early life feeding to later obesity risk and discrepancies may be related to inconsistent definitions, or a lack of control for confounding variables. This review summarizes the literature in this area and identifies the need for large scale longitudinal studies to effectively explore how early life feeding experiences may interact with each other and with nutritional provision during later childhood to predict obesity risk.
Introduction
Obesity during childhood is a major health issue of paramount importance. According to recent US statistics from 2009-10, 12.1 % of children aged 2-5 years were obese [1] . Childhood obesity has many adverse health consequences during childhood that are associated with increased risks for morbidity and early mortality in adulthood [2, 3] . Given this, there is a pressing need to understand the role of early life factors that exacerbate the risk of childhood obesity and one area of importance is that of early life feeding. There are two main types of feeding that healthy children will experience during infancy; the first is milk feeding and the second is the feeding of solid foods. This review will focus on recent research that has evaluated the impact of breastfeeding compared to formula feeding, the duration of breastfeeding, the age of the child's introduction to solids and the way that solid foods are fed to the child, in terms of their impact on subsequent child weight gain and eating.
Milk Feeding: Breast or Bottle Feeding
Studies investigating the association between breastfeeding initiation, duration, and obesity risk in infancy have often been undermined by the presence of confounding variables that dilute the association, such as socioeconomic status, smoking exposure and differences in the method of data analysis [4] . As a result, the real strength of the relationship between breastfeeding and obesity risk, and the nature of the mechanism underlying it, remains unclear. Despite this, a review in 2004 [5] concluded that breastfeeding does offer a small and consistent protective effect. To date, research is continuing to focus on understanding how and why the initiation and duration of breastfeeding may protect against obesity. The most recent research relating to what and how an infant is fed, and the effects upon weight gain, will be outlined here.
Macronutrients and Compounds -Differences Between Formula and Breast Milk
The relationship between breastfeeding versus formula feeding and the risk of obesity has been suggested to be mediated by the difference in the protein content associated with each method of feeding. Formula milk tends to be higher in protein than breast milk and may render the child at a greater risk of weight gain during infancy. Although protein is a very satiating macronutrient, intakes in excess of metabolic requirements may enhance the secretion of insulin and insulin-like growth factors (IGF-I) that can lead to accelerated growth and increased adipose tissue. Indeed, positive associations have been found between protein intake and IGF-I and child weight and IGF-I [6] . Recently this hypothesis has been tested by Koletzko et al. [7] who reported the results of a randomized trial of over 1,000 infants across Europe comparing high and low protein formula milks. The results suggested that lower protein milk normalizes growth to that of a breastfeeding reference group and that compositional changes in formula milk can be exploited to help reduce the elevated risk of obesity associated with formula feeding. Indeed, a new formula milk has recently emerged on supermarket shelves that has increased whey protein, as found in breast milk, and decreased beta protein, not typically found in breast milk. Research has shown that babies fed the new formula have an early rate of weight gain closer to that of a breastfed baby than to a baby fed other infant formula milk [8] .
The exact nature of the relationship between protein intake and weight gain has recently been investigated by the European Childhood Obesity Trial Group [9] . Forty-one infants were randomized at birth to receive either high or low protein content formula, along with 25 breastfed infants. The infants receiving the high protein formula had significantly higher weight, weight-for-length, and BMI compared to the low protein and breastfed groups at 6 months of age. At 12 months of age, BMI and weight-for-length were still significantly greater in the high compared to low protein groups, but by 24 months, all differences were no longer significant. Importantly, these researchers looked at fat mass and fat-free mass measurements and found that BMI and weight-forlength z scores correlated significantly with fat mass, but not fat-free mass. Breastfed babies had significantly lower fat mass, but not fat-free mass, than both groups of formula fed babies. It is concluded that protein increases fat mass specifically, which may lead to increased BMI in future years, and that greater fat-free mass may offer protection against overweight and obesity since muscle mass predicts glucose uptake and the capacity for physical exertion [10] .
Other compounds that are absent from formula milk, but which are found in breast milk, may also be important. For example, growth factors in human breast milk are associated with infant size and body composition. Specifically, insulin is negatively associated with size, growth and lean mass; TNF-α is associated with lower lean mass; and IL-6 concentration is negatively associated with infant growth and adiposity [11] . Leptin, which occurs naturally in breast milk and is believed to play a role in hunger regulation and satiety, is also absent from formula milk and may therefore contribute to increased intake [12] .
Breastfeeding Duration and Protective Effects
The length for which a child is exclusively breastfed has been suggested to be important. Generally, it is believed that the longer the duration of breastfeeding, the lower the risk of obesity. Indeed, McCrory and Layte [13] reported a doseresponsive effect in those infants breastfed for more than 4 weeks, such that a feeding duration of 13-25 weeks was associated with a 38 % reduction in risk of obesity at age 9, and a duration of more than 26 weeks was associated with a reduction in risk of 51 %. Scott et al. [14] examined breastfeeding duration on weight status in 2066 Australian 9-16 year olds and found that being breastfed for 6 months or more was associated with a decreased likelihood of being overweight or obese in later childhood. Importantly, this study controlled for many confounding variables including maternal characteristics, mean energy intake, level of physical activity, screen time, and sleep duration. However, other research has found that a significant relationship between the duration of exclusive breastfeeding and an increased risk of child overweight at age 10 disappears when confounding variables are controlled for [15] . Similarly, other authors acknowledge that factors such as sampling variability may nullify the reported associations at a population level [16] .
The Feeding Context: Differences Between Breast Versus Bottle Feeding
Behaviorally, the differences in the method of feeding between breast and bottle, as opposed to the content of the feed, cannot be ignored, and the experience of bottle versus breast feeding appears to be significantly different for both the infant and the caregiver. Li et al. [17••] recently reported that, irrespective of milk type (breast versus formula), infant weight gain was related to the mode of delivery, such that bottle-feeding was associated with more weight gain. A further study of 1,250 infants found that 27 % of infants fed exclusively at the breast in early infancy emptied the bottle or cup in late infancy. However, 54 % of infants who were fed both at the breast and by bottle and 68 % of those who were fed only by bottle emptied the bottle or cup in late infancy, again irrespective of milk type in the bottle [18] . This suggests that bottle feeding may undermine an infant's ability to self-regulate their intake which may be a risk factor for later overweight and obesity [19] . One reason for this may be that infants fed from the bottle are less able to control the flow of milk and therefore may consume more than required. Furthermore, caregivers may encourage infants to consume all that is in a bottle, irrespective of the child's hunger. This may be particularly true in cases where an infant is perceived to be of low weight and/or not eating 'enough' and parental anxiety is high [20] . Bottle feeding allows parents to see how much milk a child has consumed and therefore push greater intake if they feel that this is not 'enough'. In contrast, the amount of milk that a breastfed child has consumed cannot be assessed in this way. Anxious parents may also modify the milk powder-to-water ratio in order to increase the relative calorie content of a feed, something which cannot be manipulated with relatively homogenous breast milk. Indeed, mistakes in the preparation of bottle feeds are believed to be common [21] . These finding are important since increasing numbers of women are relying on bottle feeding (either breast or formula milk) as the method to feed their child.
It is clear that while the differences in the compounds present in differing milks can influence weight gain, the social and socioeconomic context in which feeding takes place is likely to be equally important. Overall, the relationship between breastfeeding initiation, duration, and obesity risk is difficult to unpick, due to the many confounding parental, environmental, and statistical factors that are present in such studies. One such factor strongly associated with the mode of feeding during infancy is the timing of the introduction to solid foods.
The Age of Introducing Solid Foods
In 2001, based on a systematic review [22] , the World Health Organization recommended that children are exclusively breastfed until 6 months of age and that solid foods are offered from this time onward. The change in this guideline, which previously recommended introducing solid foods from around 4 months of age in many countries, has been met with resistance from many caregivers. Many studies have been conducted to attempt to explore whether, in environments where sanitation is good and the risk of gastrointestinal infection from solid feeding is low, there are medical risks associated with introducing solids prior to 6 months. This research is complicated by the fact that few women exclusively breastfeed to 6 months; indeed the median age of introducing solid foods in Europe appears to be around 19 weeks [23] . Much controversy surrounds the medical benefits and risks associated with early compared to later introduction to solids foods, and it is beyond the scope of this review to evaluate this literature here (for a review see [22] ). In a recent systematic review, Moorcroft et al. [24] conclude that there is no clear association between the timing of the introduction to solid foods and later obesity risk, and that often positive associations are reported in studies which do not adequately control for confounds. However the data are further complicated by different definitions of what is considered to be 'early' introduction to solid foods.
Introducing Solids Before 15 Weeks and Obesity Risk
In terms of the relationship between the age of introduction to solid foods and any risk of childhood obesity, research suggests that very early introduction to solid foods (before 15 weeks) may have a detrimental impact on child adiposity. For example, Wilson et al. [25] reported that the introduction to solid foods before infants were 15 weeks old was related to increased body fat and weight at age 7 compared to those introduced to solid foods after 15 weeks. In a prospective cohort study, Grote et al. [23] found that European infants introduced to solids at or before 13 weeks (and those introduced between 18 and 21 weeks) grew faster and were heavier at 6 months than infants introduced between 13 and 18 weeks of age or after 22 weeks. However the timing of the introduction to solid foods was not significantly associated with child anthropometrics at 24 months, suggesting that any impact on child growth appears to be transitory. Other results from Indian populations have suggested that children introduced to solid foods later (comparing ≤3, 4, 5, ≥6 month olds) tended to have a slightly lower risk of a high BMI at age 5, however the differences between the groups were negligible after adjusting for confounding factors [16] . Various mechanisms have been proposed to account for how very early introduction to solid foods may impact on child weight gain (if any relationship can be consistently identified), for example: through the intake of excess protein during infancy which may increase insulin like growth factor -1 levels and promote earlier adiposity rebound; or through altering the secretion of hormones such as ghrelin; or levels of gut flora resulting in epigenetic modifications of metabolic programming [15] .
The relationships between earlier introduction to solid foods and subsequent child weight and BMI are complicated by the influence of various confounding variables which are often adjusted for in research studies. However, given the associations reported between breastfeeding and obesity described above, it is often difficult to disentangle the relationships between breastfeeding and the age of introduction to solid foods, given that families who formula-feed are more likely to offer solid foods earlier [26] . In a recent study of 847 children from a prospective pre-birth cohort study conducted by Huh et al. [27] , associations between the age of introduction to solid foods (<4, 4-5, and ≥6 months) with later child obesity at age 3 were compared among children who were breastfed for 4 months or more and those who were never breastfed or fed for less than 4 months. After adjusting for various confounding characteristics, Huh et al. report that in children who were breastfed the timing of the introduction to solid foods was not associated with later obesity. Whereas, children who were formula-fed and introduced to solid foods before 4 months of age were 6 times more likely to be obese at age 3. Overall these results suggest that very early introduction to solid foods may have a detrimental impact on the child's risk for overweight, but that this risk may be limited to children who are never breastfed or not breastfed for long. This may be a consequence of the fact that formula-fed children carry a higher risk of over-feeding and overweight, as described above, and the authors suggest that whilst breastfed infants may be more apt at self-regulation and displace milk for solid foods, formula fed infants may be more likely to increase their overall energy intake when solids are introduced.
Introducing Solids at 4 or 6 Months and Subsequent Obesity Risk
In terms of comparing children who are introduced to solids at 4 versus 6 months of age, there appears to be no evidence of any ill-effect on subsequent weight. Indeed, Burdette et al. [28] report that the introduction to solids before compared to after 4 months of age had no effect on child adiposity at age 5 using dual energy x-ray absorptiometry, whilst Reilly et al. [29] found that the timing of complementary feeding was not related to BMI at age 7. Recently, Seach et al. [15] did find that after controlling for various confounding variables, the age of introduction to solid foods predicted the child's risk of overweight at age 10. In their sample, the median age of introduction to solid foods was 20 weeks with the prevalence of childhood overweight being 34.7 % in those children starting solid foods before 20 weeks and the risk decreasing to 19.4 % in those starting solid foods after 24 weeks. However, this study did not control for maternal or paternal BMI which are known to predict child weight status.
Another important consideration is that children who are given solid foods earlier are simply hungrier babies who are likely to be bigger anyway. Scott et al. [26] report that 55 % of mothers who introduce solids prior to 17 weeks say that they do so because their baby is hungry or big for their age, and data from Fewtrell et al. [30] have indicated that child weight at 6 weeks of age was a strong predictor of the age of weaning. Data from the UK Millennium cohort study [31] suggest that age of introduction to solids was not associated with faster weight gain after adjusting for height z scores at age 3, indicating that stature mediates any effect of age of introduction to solid food upon weight gain. Recent research by Rossem et al. [32••] supports this by comparing three groups of children who were introduced to solid foods before 3 months, between 3-6 months, and after 6 months. After adjusting for various confounding variables they found that the children introduced to solid foods between 3 and 6 months of age were those who had gained the most weight prior to the introduction of solids. After the introduction of solids, children introduced before 6 months showed a relative decrease in their weight-for-length and there were no differences in weight-for-length changes between the three groups of children after 12 months of age. Overall these results suggest that differences in child weight-for-height are not the result of early introduction to solid foods but rather that solids may be introduced earlier in response to infant weight.
Future research should consider not simply the age of introduction to solid foods but also what nutrition is given during the period of 4/6 -24 months in populations with greater prevalence of child overweight to allow for meaningful comparisons [16] . In summary various authors have suggested that guidelines should be used flexibly and it may not be that one size fits all in terms of determining when solid foods are offered to infants [33] . Solid foods should not be introduced before 4 months of age, but the evidence for harm in terms of child adiposity or weight from introducing solids at 4 months compared to at 6 months appears to be weak.
Solid Feeding Practices
Once children have been weaned onto solid foods, parents/ caregivers are still integral to the child's feeding environment. They are responsible for what their children eat and failure to provide a healthy diet or offering children inappropriately large portions are associated with greater child weight [34, 35] . Furthermore, a great body of research evidence has now emerged which explores whether the types of feeding practices that caregivers use when feeding solid foods are predictive of subsequent child weight and eating behavior. Overly controlling feeding practices, such as pressuring an infant or child to eat more than s/he wishes or restricting the intake of foods, are believed to undermine the ability to self-regulate energy intake and thereby predict problems with eating and weight gain in children. While researchers generally agree that a permissive or indulgent parental feeding style, typified by a lack of control, is not helpful for children in today's obesogenic society [35] , most research in this field suggests that feeding practices which are overly controlling are detrimental to child health. Increased parental control of child eating behavior has been shown to be counterproductive to parents' presumed intentions concerning food [34] . For example, parental use of pressure to eat has been shown to be related to children's decreased liking of pressured foods [36] and to predict lower child adiposity over time [37] , while the use of restriction of food, or forbidding food, has been related to children eating in the absence of hunger [37] and predicts greater child weight and weight gain over time [38, 39] . These relationships may in part be exacerbated by the fact that parents tend to pressure children to eat foods such as vegetables which are associated with child health, but restrict sugary and highfat foods which are often perceived as more palatable and more likely to lead to weight gain.
Controlling Feeding Practices: Cause or Consequence of Child Weight?
Authors have rightly questioned whether these overly controlling feeding practices do indeed predict changes in child weight, or whether parents use these feeding practices in response to existing concerns about child eating and weight. Gross et al. [40• ] examined maternal feeding practices and infant weight status in a sample of 208 infants aged 2 weeks to 6 months. They found evidence that restriction of food was linked to maternal concern about their infant becoming overweight, and the use of pressure to eat was related to concern about their child becoming underweight. This study provides evidence that feeding practices may reflect parents' concerns about their child's future healthy development. Other research suggests that restriction of food intake may be implemented with children who are already overweight, perhaps in response to child weight status. Rifas-Shiman et al. [41] found that, after adjusting for parent and child sociodemographic characteristics, maternal use of restriction at age 1 was associated with higher child BMI z scores at age 3 before, but not after, adjusting for child weight-forlength scores at age 1. Similarly, Brown and Lee [42] found that parents used greater restriction of unhealthy foods with 6-12 month old infants who had a higher BMI. Taveras et al. [43] have demonstrated similar associations between restriction and increased obesity risk in their sample of over 2,000 ethnically diverse families of children aged up to 4 years.
Thus, there is a strong body of evidence which suggests that parents may restrict (unhealthy) food intake when their children are overweight or when they perceive them to be at risk of overweight. It is therefore questionable whether restrictive feeding practices are directly predictive of higher child weight status given the confounds presented by parental concerns and perceptions about earlier child weight. In a longitudinal study, Farrow and Blissett have attempted to tease apart these relationships and found that, while greater restriction of food during infancy predicts lower child weight at age 2 (perhaps because children at this age are still usually solely dependent on caregivers for the amount of food they can consume; [37] ), by 5 years of age the use of earlier maternal restriction predicts greater child weight scores [44] . These findings suggest that the detrimental effects of overly restricting children's access to foods may not always be apparent during early infancy and this may reinforce parental use of restriction which appears to be predictive of problems with regulating food intake and overeating during early childhood.
Other, Non-Controlling Feeding Practices and Children's Weight
In addition to the impact of parents overly controlling food intake, there are a variety of other child feeding practices which have been less well explored which are also likely to be implicated in the development of over-eating and the risk of obesity. One such practice is emotional feeding or using food to soothe negative emotions. Stifter et al. [45] examined maternal use of food to soothe distress in their sample of 3 to 34-month-old children. After controlling for significant covariates, they found that infant weight was positively related to maternal use of food to soothe, and suggested that this feeding practice may teach children to eat in response to external cues rather than internal hunger signals and predispose them to weight gain. Similarly, these children may also learn to associate eating with emotional comfort; a behavior which has been linked to obesity in adults [46] . The type of food used to soothe is also a potentially important contributor to child overweight as parents report a tendency to offer sweet, sugary foods to more emotional children [47] . In our own research with preschool children (aged 3-4 years) we have also found that children whose mothers report using food to regulate their child's emotions eat more sweet foods in the absence of hunger than children whose parents do not use this feeding practice [48] , suggesting that this feeding practice may impact upon child eating and weight across early childhood.
Instead of using controlling or indulgent feeding practices, parents can employ a range of other feeding behaviors which have more positive associations with children's eating and weight. These include modeling healthy eating, eating with their child, and making healthy foods available [49] [50] [51] . Palfreyman et al. [51] found mothers who reported more modeling of eating behaviors, and who ate more healthy foods themselves (e.g., more fruit and vegetables) had children (aged 1.5 to 8 years) who ate more fruit, vegetables and salads. Other research has found that offering children a variety of foods from a young age is linked to healthier child eating practices and that more responsive feeding, where parents decide what the child eats but the child decides how much to consume, is recommended for helping children to develop healthy eating behaviors [49] .
Conclusions
In summary, this review has explored the role of breastfeeding, the age of introduction to solid foods, and the ways that solid foods are presented to children in relation to the risk of obesity during infancy and early childhood. The findings from recent literature in this field suggest that the relationships between early life feeding practices and later child obesity risk are complex and often confounded by various demographic and lifestyle factors which render children at greater risk of weight gain, such as maternal smoking, parental BMI and socio-economic status. Overall the findings suggest that breastfeeding may have a small protective effect against subsequent obesity, although this association is often negligible when confounding factors are appropriately controlled for. Similarly it appears that the very early introduction to solid foods (before 13 weeks) may be associated with faster early weight gain, but that this effect may only be transitory, may possibly be greater in infants who are never breastfed, and potentially not significant when controlling for other confounding variables, such as breastfeeding or socio-economic status. Finally, the ways that foods are fed to children can have a substantial impact on subsequent child food choices and their ability to regulate food intake in later life, and a large body of research has now demonstrated that overly restricting high calorie foods may actually be associated with child weight gain over time.
Despite the wealth of literature in this field, there is a dearth of large scale longitudinal studies with adequate power to explore obesity risk which appropriately control for confounding variables. Clearly these different variables do not exist in a vacuum and future research is required to integrate the effects of the range of feeding practices across infancy. That is, to determine how the mode of milk feeding interacts with the age of introducing solids, and how these factors may determine subsequent styles of solid feeding which may additionally impact upon child feeding and weight. Only by exploring how these variables interact to protect from or exacerbate obesity risk will we be able to confidently inform the feeding practices of caregivers to optimize child weight status and healthy development.
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